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To all whom it may concermn:

be it known that I, GEORGE W. LEWIS, of
Chicago, in the eounty of Cook and State of
Illinois, lm,ve invented certain new and useful
Impr*ovementsm Gas or Vapor Engines; and
I do hereby declare thatthe followingisa full,
clear, and exacl description thereof, reference
being had to the accompanying dl‘ELWlIl*D’S and
to the letters of reference marked thereen
which form a part of this specification.

This invention relates to improvements in
explosive gus or vapor engines, and it in-
cludes 1mpr0vements in such engines in sev-
cral particulars, as will heremefter appear.

The invention is herein shown as embodied
in a gas-engine of that type known as a ““sin-
gle-acting” engine and one in which an ex-
plosmn or 11npulse takes place at every revo-
lution of the erank-shaft. The engine illus-
trated, moreover, is of that for.. in which is
emplo;; ed, in connection with the main or
power eylinder', an alr-compression chamber

or inclosure in communication with the end

of the eylinder opposite to that in which ex-

plosion takes place and within which air is

compressed at each forward or power stroke

of the piston prepar atory to 1ts admission to.

said cylinder. 'The engine illustrated is also

provided with means for keeping cool the
power-cylinder, comprising a water-tank in

communication with the water-jacket of the

cylinder, and means for condensing the steam

or vapor from the water-tank. The engine
1llustrated is also provided with a mutﬂmw
device for the exhaust-pipe thereof by whlch
exhaust takes place without objectionable
noise.

Inthe accompanying drawings, illustrating
my ivention, mee 1 1s a \TIGW partly in
central vertical seetlon and partly in side ele-
vation, of an explosive-engine embodymn my
mventlon the same bemﬂ illustrated in up-
rightor vertical form. Flg 21s a view in side
elevetwn of the engine. Fig. 3 is a detail
section through one “of the crank- shaft bear-
ings, taken on line 3 3 of Fig. 2. Fig. 4is a
view in longitudinal seetlon of the other of
the erank-shaft bearings, showing antifric-
tion-rollers adapted to take the end thrust of
IF1g. 5 1s a horizontal plan seetion
‘[ahen through the power-cylinder on the line

55 of Fig. 1. Fig. Gis a detail section of the
feeding- 1lve fm the ewrploewe liquid illus-
trated in Kigs. 1 and 2. TFig. 7 is a detail sec-
tion taken thounh the feedmn chamber or
passage on line 7 7 of Fig. 1.
tional view of the ebhnder 11111%1‘*&1:1110 the
course of movement of the BYPIOSIVE‘ mlxture
in entering the cylinder. Fig. 9 is a view
stmilar to B I‘w S, 1llustr*etmn a somewhat dif-
ferent construction in the pleton of the power-
cylinder. Fig. 10 is a sectional view of the
cylinder, showing the top of the piston in plan
view., IHig, 11 illustrates in central longitu-
dinal Se(,tlon a modified form of the ELtOII]lZ—
ing-valve for feeding the liquid to the engine.
Flﬂ‘ 12 1s an end view of the valve ehown in
I‘lf}* 11. Fig. 18 is a sectional view of the
valve ‘Lda,pted for the feeding of gas instead
of hydrocarbon in liquid form. Flﬂ 14 18 &
sectional view of the same, taken on line 14
14 of Fig. 13. Tig. 15 is a sectional view
taken on line 1515 ef Fig.13. Fig.161s asec-
tional view through the upper pert of the
power-cylinder, showmg a tubular igniting
device. Fig. 17isa view illustrating the en-

‘gine 1in 51de elevation, together w1‘rh means

for supplying liquid fuel therete
Asillustrated in said drawings, A indicates
the power-cylinder of the enﬂme, and B a

piston therein which is connected with the -

crank-shaft C thoucrh the medium of a pit-
man D. :

E is a chamber connected with one end of
the cylinder and within which air is com-
pressed in each forward or power stroke of
the piston. Said compression-chamber B is
herein shown as being connected directly with
the open end of the power-cylinder and as

extending therefrom around the crank-shaft
and connecting-rod, so as to form a housing
or inclosure f01 the Same but this pertleulm'
construction in the compression - cylinder,

which is not in itself new, is not essential to

the carrying out of the features of my inven-
tion herein described, and the compression-
chamber may be otherwise connected with
the power-cylinder, as may be found conven-
ient or desirable.

In the particular construction illustrated
the chamber K consists of a main casing hav-
ing apertures in its sides which are eovered

I‘w Sis a sec-
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by separate plates E', on which are formed |

tubular bearings e e for the crank-shaft C,
the engine in this instance being shown as
supported by means of horizontal bars E?
which extend at opposite sides of the cham-
ber E and to which the said chamber is se-
cured by bolts, asshown. Said bars may form
part of the supporting-frame of the vehicle,
or they may be parts of any other supporting-
framework.

The eylinder A is provided with admission-
ports ¢, which are connected with the com-
pression-chamber E through the medium of
an air-supply passage, herein shown as formed
by horizontal and vertical pipes I I' I'*.  In
said passageislocated acheck-valve I'®, which
is conveniently located at the junction of the
pipes I F'. Tor admitting air to the com-
pression-chamber E a valved inlet is pro-
vided, the same being herein shown as located
at the end of the depending pipe ¥, which

forms a downward extension of the pipe If and

is provided with a gravity-actuated check-
valve I'3. In this construction air enters the
chamber E through the valve If?, the pipe I',
and branch pipe I* at each backward or up
stroke of the piston B, and the air is delivered
from said chamber E through said branch
pipe I? and the pipes I' and I'" to the upper

end of the power-cylinder at the end of each

forward or power stroke of the said piston.

The pipe I’ communicates with the inlet-
ports ¢ of the cylinder by means of a vapor-
izing passage or chamber A’', located at the
side of the power-cylinder and extending
froin the said inlet-port ¢ along the side wall
of the cylinder toward that end of the eylin-
der in which the explosion takes place. Se-
cured in the outer wall of the chamber A" and
extending into said passage is a delivery-
valve G, constructed for the delivery of lig-
uid to the said chamber. Said valve forms
part of a device by which the liquid.is deliv-
ered in an atomized condition to the said
chamber A’. This mechanism, which consti-
tutes an important feature of my invention,
is constructed as follows:

Referring to the form of device illustrated
in Figs. 1, 2, and 6, said valve G consists of
a tubular plug, which is inserted in the wall
of the passage and is provided with a central
passage ¢, within which is located a longitu-
dinal sliding stem G, and also with a supply-
passage ¢', which extends through the plug
G and terminates-at the inner face g* thereof.
Said inner face ¢?, as shown in said IFig. 6, 18
made flat and is covered by a disk or closure
G2, which is secured to the inner end of the
Said disk G® forms the valve plate
or closure for the end of the passage ¢, but
it performs another funection, as will herein-
after appear. On the outer end of the stem
G’ is secured a collar ¢%, and between said

collar and the outer end of the plug is located

a coiled spring G2 The passage g' 18 con-
nected with a supply-pipe I, which leads
from the supply-tank or other source of sup-

ply for gasolene or otherliguid hyd rocarbon.
The pipe His herein shown as connected with
a nipple ¢4, which extends from one side of
the plug G and through which the passage ¢
extends. |

An actuating mechanism for the supply
device described is provided as follows: On
the crank-shaft Cis mounted a collar 1, hav-
ing upon it a cam projection 2.  T'he cam pro-
jection is adapted to engage the end of a le-
ver J, which is attached to a rock-shaft J’,
carrying a second lever-arm J° which 1s
adapted to bear at its free end against the
outer end of the stem G'. For purpose of
adjustment contact with the said stem is se-
cured through the medium of a set-screw j,
which is movably secured in the end of the
lever-arm J by means of a jam-nut j. In
the rotation of the crank-shaft the lever-arms
J J' are oscillated by the action of the cam,
so as to alternately thrust the stem G’ and
the valve-plate G* inwardly and to permit
their retraction by the spring G°. T'he cam
projection 7 is so shaped as to permit a very
quick or sudden action of the spring in the
retraction of the valve stem and plate. In
the operation of this mechanism the valve-
plate is held free from the plug during a very
short period of time, and the passage g’ being

small but a small quantity of the gasolene

is permitted to escape during the time the
said passage is open, the quantity being only
a few drops and not more than will remain
by capillary action adhevent to the face of
the plug or will remain between the face ot
the plug and the face of the disk, which is
moved only a short distance inwardly there-
from.

To aid in holding the gasolene by capillary
action, the face of the plug ispreferably pro-
vided with an annular groove ¢°, but this is
not absolutely essential. The effect of the
sudden or quick retraction of the valve-disk
is to force or throw outwardly the liquid held
between it and the end of the plugin the form
of fine particles oratoms. Themovement ot
the plate is so quick as to give the liguid no
time to flow out from beneath it, so that 1t 1s
ejected foreibly, and thereby broken up into
fine particles or atomized. The passage A’
being formed immediately adjacent to the
side wall of the cylinder is subjected to the
heat from the cylinder, and the atomized
ligunid being thrown into the hot space or
against the heated walls of the passage the
particles become immediately vaporized and
the mecessary vapor for admixture with the
air to be supplied to the eylinderis thus pro-
duced without the use of any additional vap-
orizing devices. The action of the cam 7 is

so timed that the discharge of the liquid takes
place before the air is discharged from the
compression-chamber into the power-cylin-
der, so that the atomized liquid will have been
converted into the form of vapor by the heat
within the passage before the compressed air
passes through said passage on its way to the
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sald cylinder.
liquid is converted into the form of vapor be-
fore 1t 1s swept-with the airinto the cylinder.

A vaporizing device fortheliquid employed
in the engine embracing the principles of op-
eration above described may be constructed
1n & variety of forms—as, forinstance, in Fig.
11 1s 1llustrated a modification of the devices

“aboveset for'th wherein the plug G contains &

passage ¢, termmamnn in a conical orifice ¢°,
within whlch fits a conical plug G*, attached
to the arm G° on the stem G'. This device
operates in the same manner as the one be-
fore described, the retraction of the plug G*
permitting a small quantity of t,.ﬂusolene to
exude upon the sides of the tapered orifice ¢°
and the sudden return of the plug forcingout
the liquid in the form of atoms or spray,
which is thrown obliquely outward in a di-
rection determined by the taper of the plug
and orifice. The use of conical contact-sur-
faces for the stationary and movable mem-
bers of the spraying device has the advan-

tage of casting the spray forward and against

the inner or heated wall of the passage A’
when the nozzle 18 arranged as 1llustr :;Lted in
Kig. 11. |

Tn Ifigs. 19, 14, and 15 the plug is showu as
provided with a stem G and valve-plate G2

in the same manner as before described. In.

this instance, however, the supply-pipe com-
municates with an annular chamber ¢ in
the outer part of the plug G, and a plurality
of passages ¢° ¢° extend from the chamber to
the flat face g° of the plug. This construc-
tion is adapted for giving a more abundant
supply of liquid for larger engines, the quan-
tity of liquid ejected into the passage being
obviously much greater in this construction
than in one where only a single passage 1s
employed. A valve made as shown in Kigs.
15 to 15 1s obviously applicable for use as a
gas-valve in engines using gasinstead of lig-
uid as an explosive agent. Said cylinder is
provided at its working end, orat that end in
which the charge is exploded, with an exfer-

nal eylinder or jacket A° forming the usual

water-space for the circulation of water to
absorb the heat generated by the explosions
taking place within the eylinder. The pas-
sage A’ is shown as made at its upper part

integral with the cylinder-walls, while at its

lower part 1t 1s provided with a removable
cap &', which may be removed to obtain ac-
cess to the inlet-ports a. The upper part of
the passage A’ extends into the space which

-~ would otherwise be occupied by the water-

6o

jacket, and the inner wall of said passage is
formed by the wall of the eylinder, so that
heat from the interior of the eylinder will be
transmitted directly tothe said passage, thus
maintaming the same at & maximum tem-
perature for the purpose of vaporizing the
spray thrown into the same from the spray-
ing feed-nozzle, as hereinbefore described.
The air-supply pipe F' is shown as connected
with the upper end of the passage A’, or the

It follows, therefore, that the | end thereof remote from the ports @, while

the feeding-valve G is inserted in the passage
between the air-supply pipe and the inlet-
ports, so that air entering from the air-sup-
ply pipe will be drawn past or over the valve
in its movement through the passage to the
sald ports.

- The piston B covers the inlet-ports a ¢ ex-

cept when sald piston is at or near the end of
1ts outward stroke, as clearly seen in Figs.
Sald piston is provided with a

1, 8, and 9.
marginal angular recess or rabbet b, as best
seen in Figs. 1 and 5,which recess is arranged

to come onpomte the inlet- -ports ¢ when the

cylinder is at the end of its power-stroke.
The rear wall b’ of said recess is made abrupt
or approximately parallel with the cylinder-
wall, so as to deflect the incoming admixture
of gas and air toward the cylinder-head in
the manner indicated by the arrows in Fig. 8.

The exhaust-port A® of the cylinder is ar-
ranged at the opposite side of the cylinder
from theinlet-ports andisso arranged as to be

uncovered by the piston before the inlet-ports

are opened.

I propose as a further and separate 1m-
provement to provide the piston with a plate
or wall B’, which constitutes the top surface
of the piston at its side adjacent to the ex-

haust-port and which forms with the adja-

cent portion of the piston below it a passage
3%, through which the spent or dead gases
resulting from the previous explosion pass
in makmﬂ their escape through the exhaust-
port, said plate I3’ being so &rmnged as to
rise above the level of the exhaust-port when
the piston is at the outward limit of its
movement or stroke, or in the case of a hori-
zontal cylinder at the side of the said ex-

haust-port nearest the power-head of the

cylinder. "T'he purpose of this construction

is to lessen the liability of escape of any por-

tion of the explosive mixture as it enters the
cylinder, while increasing the probability of
the escape of all of the dead g gases resulting
from the last explosion, as W’lll be clear fmm
the arrows indicating the direction taken by
the mixture as it enters the cylinder, KFig. 8.
It will be seen that the mixture will be forced
toward the cylinder-head and will gradually
fill the cylinder from 1its head toward the
piston, while that part of the mixture first
entering after coming in contact with the
cylinder-head will be defiected toward the
piston at the side of the cylinder opposite
the inlet-ports, it being obvious that the por-
tion of the mixture
of the exhaust-port would pass 01113 through
the same were 1t not for the presence of the
said plate B’, whichlatter serves to arrest the
mixture and retain it in the side of the cyl-
inder opposite the inlet-opening until prac-
tically all of the dead gases have been forced
through the passage B* 'The opening of

said passage B*is located at the region which
is last reached by the mixfture 1n entering
the cylinder, this region being the portion of

I‘St reaching the vicinity
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the space within the cylinder adjacent to the
entering stream, which passes along. the side
of the eylinder and near the piston.

As illustrated in ¥igs. 1 and 5, the plate
B’ is supported at some distance from the
inner face of the piston, by means of flanges
0%, formed on the end portions of the plate
and constituting the side walls of the pas-
sage B? the plate being held in contact with
the piston by bolts 6%, Kigs. 5 and 8.

Another and for some reasons a preferable
construction of the piston is illustrated In
Figs. 9and 10. In this instance the plate B’
is located in the same plane with the end
surface of the piston, and the passage B~ is
formed Dby a depression in the end face of
the piston. Said depression is bridged by
the said plate B’, which latter may be either
cast integral with the other parts of the pis-
ton or secured thereto in a suiltable way, as
by screws, in the manner illustrated.

A governing device is provided for the en-
cine as follows: The collar I, which gives
motion to the closure of the supply or inlet
valve described, is arranged to slideendwise
on the shaft C while turning with the same,
and a centrifugally-acting governor is pro-
vided, arranged to move or shift said sleeve
endwise on the shaft. The cam projection 1s
made with a working face of some width, and
such working face is inclined, so that when
the sleeve is shifted endwise on the shaft the
arm J will be moved to a less extent and the
valve opened a correspondingly shorter dis-
tance when the desired speed is exceeded.
When the speed of the engine 1s reduced to
its normal rate, the sleeve is returned to its
normal position, and the feeding is resumed
with the same extent of valve-opening as be-
fore. The governing device illustrated con-
sists of pivoted governor-levers K, which are
mounted on arms £, which are rigidly at-
tached to a collar &' on the shaft, said levers
being provided with centrifugal weights K’ at
their free ends and having inwardly-extend-
ing arms which are united with the sleeve 1
by slof-and-pin connections, by which the
oscillatory movement of the governor-levers
is- transmitted to the said sleeve. Contractile
coiled springs K° connect the governor-
weights with each other and tend to hold the
same at the inward limit of their movement.

Inasmuch as the compression-chamber L
containsairunder pressure, itisdesirable that
the shaft C should fit closely within the bear-
ings e e, through which it passes from the
interior of the chamber, and in order to in-
sure that such close fit of the shaft within
these Dearings shall be always maintained,
notwithstanding wear of the parts, I provide
in each of the tubular bearings a separate
movable plate or cap ¢, which fits within and
fills a recess formed in the bearing and forms
the contact-surface of the bearing for a. por-
tion of the length of the same. Said cap 1s
adjustably secured in place by means of bolts

the accompanying drawings.

A - 583,399

2® on the bearing-sleeve, said bolts enabling

the caps to be tightened against the shaft in

case the parts become loose by wear. 7The
caps thus constructed serve to insure circuams-

ferential contaet of the shaft with the bear-
ing at the points where the caps are located,
‘even though the shaft may fit somewhat

loosely in the bearing-surface at other points.
Said caps are fitted closely at their side mar-

| gins against the openings in the bearings, so

as to prevent the escape of air at the side

‘margins of the cap.

The shaft C is shown as provided at one

end with a disk €', which forms a balance-
‘wheel and also one member of a friction-gear,
‘such as is used in vehicles for eonnecting the
-engine driving-shaft with the vehicle driving-
“wheel.

In case such a friction-disk is used
when the engine is used for giving moticn to

‘the propeller-shaft of a vessel and in other
like eircumstances the end thrust on the

shaft is likely to produce undesirable end

friction on the shaft-bearings, and I have
provided in the construction shown an anti-

friction-bearing especially adapted for an

~engine of this character.

As more clearly seen in Figs. 2 and 4, the

tubular bearing e at the side of the enginae
nearest the disk C' is provided with a screw-
‘threaded extension e¢*, upon which is placed

a screw-threaded ring ¢°, having on its outer

face a groove €% arranged opposite a corre-
‘sponding groove ¢ on the hub of the disk C'.
-Within the grooves ¢’ and ¢ are placed anti-
frietion-balls ¢'.
‘holes for a spanner-wrench or is otherwise
‘arranged to be turned on the extension ¢,

Thering ¢’ is provided with

while a jam-nut e is applied to the said

scerew-threaded partfor holding the ring from

turning after it has been properly adjusted.

By adjustment of said ring ¢’ the thrust may

be taken entirely from the bearing-shoulders

of the erank-shaft, while at the same time the

smooth and easy running of the engine is

‘greatly increased through the use of antifric-
tion balls or rollers.

An igniting device for exploding the mix-
ture within the cylinder is illustrated in the
accompanying drawings, the same being of
that formin whichignition iseffected through
the medium of atube theinterior of which is
in communication with the interior of the cyl-

‘inder and which is maintained in a heated

condition by the external application of heat.
The device referred to is shown in Fig. 16 of
As illustrated
in said figure, L indicates a tube closed at its
outer end and attached to the cylinder at its
inner end, the interior of the tube being in
communication with the ecylinder-head by
means of a passage [ in the cylinder-head.
The part of the tube outside of the head is
surrounded by a housing L', with which 1s
connected a gas or vapor supply pipe L?, ter-
minating in a burner L% adjacent to whichis
formed an air-inlet I/, by which a mixture of

e? ¢*, which engage outwardly-projecting lugs | gas or vapor and air is delivered to the burner
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and is burned within the housing around the

tube /. At theinnerend of the passage [ the
cylinder-head is provided with an inwardly-
extending rib or flange [?, forming a valve-
seat, and opposite said valve-seat and adapt-
ed for contact therewith is located a valve-
disk %, attached to a spring-actuated lever L.
Said lever is pivoted in a bracket [*, secured
to the cylinder-head, and is held by a spring
{> in position to maintain the valve-disk in
contact with the valve-seat. The end of the
lever L* opposite the valve-disk is-directed
inwardly or toward the opposite end of the
cylinder and is adapted for contact with the
end of the piston B. These parts are so ar-
ranged that the valve-disk rests against its
seat and cuts off the communication between
the interior of the ignition-tube and the cyl-
inder except when the piston reaches the in-
ward limit of its stroke and actuates the le-
ver to lift the valve-disk, at which time the
mixture of air and vapor, whichis held under
compressioninthe end of the cylinder,rushes
into the tube and is ignited by contact with
the heated walls of the latter.

Asastill furtherimprovement in explosive-
engines intended to facilitate the starting of
the same.in action I propose to provide the
power-cylinder with an outlet pipe or passage
provided with a valve or stop-cock adapted for
actuation by hand and placedin position con-
venient for the operator. Such a passage is

shown in Fig. 1 in the form of a pipe having

a plug-valve . The purpose of such pipe or
passage 1s to temporarily relieve the pressure
within the power-cylinder, so thatthe crank-
shaft may be more easily turned by hand in
starting the engine, it being obviously diffi-
cult to start the engine by hand when it is
necessary to compress the full charge of air
in the cylinder preparatory to the first ex-
plosion therein. It is of course obvious that
the escape of part of the explosive mixture
from the cylinder will merely result in the
lessening of the power required to compress
the charge without so greatly diminishing the
amount of the charge as to prevent an ex-
plosion sufficient to start the engine. The
relief pipe or passage T will preferably be

placed at a considerable distance from the

power-head of the cylinder, so that the pas-
sage through which it communicates with the
cylinder will be covered by the piston when
the charge is compressed and when explosion
takes place. The location of said passage,
moreover, determines the amount of the mix-
ture which will escape before compression
takes place. Thus in the construction illus-
trated the passage is so located that about
one-half of the contents of the cylinder may
escape therefrom before the passage is closed
by the advancing piston.

As an improved means of feeding the gaso-
lene or other liquid to an explosive-engine
adapted for use in connection with an engine
used as a vehicle-motor and uunder other eir-

cumstances 1 have provided a construction .

as follows, the same being illustrated in Fig.

175 as shown in said Fig. 17, U indicates a

tank for the liquid which is closed at its top
and 1s preferably provided with a filling-ori-
fice u,made tight by a suitableclosure. With
the bottom of the tank is connected a supply-
pipe H, which leads to the valve G, through
the medium of which the liquid is supplied
to the engine-cylinder. |

V indicates a pipe extending from the top
of the tank U and communicating with the
air-compression chamber E.  Said pipe V is
for convenience shown as connected with the
pipe IY, but the result would obviously be the
same whether connected with said pipe F or
directly with the air-chamber. The pipe V

contains a valve v, adapted for actuation by

hand, and also a check-valve 2', which opens
toward the tank U. | L

The tank U will commonly be located be-
low the level of the engine-cylinder, and the
apparatus illustrated is for the purpose of
forcing the liquid from said tank to its point
of discharge to the cylinder or carbureting
apparatus. It is, however, obvious that in
cases where the tank may be located at a suf-
ficient distance above the engine to give the
necessary pressure no such apparatus will be
required. | .

The parts being arranged as described and

the hand-valve v opened it is obvious that

alr from within the compression-chamber E

‘will be forced through the pipe V, past the

check-valve, and into the tank U at each ad-
vance of the piston, so that after a few strokes
of the piston the air will become compressed
in the tank to the maximum pressure within
the compression-chamber, any backward es-
cape ot air from the tank being prevented by
the check-valve v'. The liquid in the tank
will thus be maintained under a practically
uniform and constant pressure, by which it
will be fed through the pipe II. The hand-
valve v may be used to close the pipe V to
cerfainly prevent escape of air from the tank

when the engine is not in use, but the use of

such hand-valve is not essential in operation
of the device, because the check-valve will
always prevent backward passage of air from
the tank through said pipe V. 1 prefer to
use sald hand-valve, however, so that the
pipe V may be positively closed when the en-
gine 18 stopped to retain the liquid in the
tank under sufficient pressure for operation
at any time and also to avoid the possibility
of the backward escape of any vapor from the
tank to the air-compression chamber.

The feeding device described is obviously
of great value for use in connection with ve-
hicle-motors or under other circumstances
where 1t 1s not convenient to employ an ele-
vated liquid-feeding tank. It is, moreover,
obvious that the feeding device described

may be employed in connection with engines

having carbureting devices of other forms

than that illustrated.

I claim as my invention—
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1. The combination with a power-cylinder
provided with air inlet and exhaust ports, of
a vaporizing-chamber which is located comn-
tiguous to the side wall of the eylinder and
one wall of which is formed by the wall of
the cylinder, so that said chamber is heated

" from the cylinder, a compression-chamber in

[O
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30
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which air is compressed by the piston in 1ts
power stroke, an air-supply passage leading
from said compression-chamber to the vapor-
izing-chamber, and a valved passage for de-
livering liquid to the said vaporizing-cham-
ber, substantially as described. |

2, An explosive-engine comprising a power-
cylinder, a piston therein, said power-cylin-
der being provided with inlet and exhaust
ports which are uncovered by the piston at
the limit of its power stroke, said piston be-
ing provided with a passage extending from
the end surface of the piston to the side there-

of at which the exhaust-port is located, and .

through which the waste gases pass on thelr
way to the exhaust-port substantially as de-
seribed.

3. Asameans of delivering liquid to an ex-
plosive-engine, a valve provided with a small
passage affording passage of ‘the liquid in
minute quantities, a movable closure for the
mouth of said passage, and means for giving
reciprocatory motion to said closure con-
structed to bring the same foreibly and
quickly against its seat, whereby the liquid
is atomized, substantially as described.

4. The combination with a power-cylinder,
provided with an air-inlet port, of a vaporiz-
ing-chamber connected with said port, an air-
supply passage leading to the said vaporizing-
chamber, means for delivering liquid to the
said vaporizing-chamber embracing a valve
provided with a small passage, affording pas-
sage forliquid in minute quantities, a closure
for the mouth of said passage, and means for
reciprocating the closure constructed to
gquickly and foreibly close the same to expel

the liquid at the mouth of the passage in at-

omized form intothe said vaporizing-cham-
ber, substantially as deseribed.
5. The combination with a power-cylinder

provided with an air-inlet port and with a
piston which uncovers the air-inlet port when
at the limit of its power stroke, said cylinder
being provided with a vaporizing-chamber,
one wall of which is formed by the side wall
of the cylinder and which communicates with
said inlet-port, an air-compression chamber,
an air-supply passage leading from the air-
compression chamber to the said vaporizing-
chamber and a valve for delivering liquid to
the said vaporizing-chamber, said valve open-
ing into the chamber between the air-passage
and the inlet-port and being provided with a
passage for the liquid,-a closure for the mouth
of said passage and means for reciprocating
the closure to expel the liquid at the mouth of
the passage in atomized form into said vapo-
rizing-chamber, substantially as described.
6. The combination with a power-cylinder,
a piston therein, and a erank-shaft actuated
by the piston, of a compression-chamber con-
nected with one end of the cylinder and pro-
vided with integral tubular bearings for the
crank-shaft on its side walls, said tubular
bearings being provided with lateral slots or
openings and with movable caps filling said

“slots or openings, and adjustably secured to

said tubular bearings whereby tight joints
may be maintained to prevent escape of air

through the bearings, substantially as de-

scribed.

7. The combination with an explosive-en-
oine having a power-cylinder and an air-com-
pression chamber, which supplies air under
pressure to said eylinder, of a tank for liquid,
a supply-pipe leading from the bottom of the
tank to the engine, and an air-pipe leading
from the compression-chamber to such tank,

said air-pipe being provided with a check-

valve, substantially as described.

In testimony that I elaim the foregoing as
my invention I affix mysignature, in presence
of two witnesses, this 12th day of July, A. D.
1895. | |

tEORGE W. LEWIS.

Withesses: .
C. CLARENCE POOLE,
ALBERT H GRAVES.
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